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TEMPERATURE COMPENSATED VARIABLE 
GAIN AMPLIFIER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to gain control circuits, 

and more particularly, a novel and improved tempera 
ture compensated gain control circuit including a ?eld 
effect transistor. 

2. Description of the Prior Art 
FIG. 1 is a block diagram of a radio frequency trans 

ceiver used for mobile communications (such as in cel 
lular telephony) as in US. Pat. No. 5,107,225. A re 
ceiver portion (receiver) 1 includes a low-noise ampli 
?er 2, a ?rst frequency converter (mixer) 3, a three 
stage AGC (automatic gain control) ampli?er having 
stages 4-a, 4-b, 4-c, a second frequency converter 
(mixer) 5, an intermediate frequency ampli?er 6, and a 
base band signal processing circuit (not shown) for 
reception which is connected to the output terminal of 
the intermediate frequency ampli?er 6. Ampli?er 6 
includes ampli?er 6-a, ?rst bandpass ?lter 6-b, second 
bandpass ?lter 6-c, and detector ampli?er 6-d. The fre 
quency sources 3', 11’ provide the local oscillators for 
the mixing process. First frequency converter 3 mixes a 
received signal (e.g. approximately 881 MHZ) and an 
output of ?rst local oscillator 3' (e. g. approximately 951 
MHz) and outputs a ?rst intermediate frequency signal 
(e. g. approximately 70 MHz) by frequency conversion. 
Second frequency converter 5 mixes the ?rst intermedi 
ate frequency signal and an output of local oscillator 5' 
(e. g. approximately 75 MHz) and outputs a second in 
termediate frequency signal (e. g. approximately 5 MHz) 
by frequency conversion. The intermediate frequency 
ampli?er 6 includes a detection function and thus out 
puts a D.C. voltage (a detection signal) indicating the 
post AGC signal level. The detection signal is used for 
AGC. 

Differential ampli?er 7 compares the detection signal 
to signal VREF. Signal VREF is a signal from the base 
band signal processing circuit, and is used for adjust 
ment of the gain of the AGC ampli?er stages 4-a, 4-b, 
4-0. The output signal RX-VAGc of the differential am 
pli?er 7 is input to each of the AGC ampli?er stages 4-a, 
4--b, 4--c to control the gain thereof. The AGC ampli 
?er stages 4-a, 4-b, 4--c, the intermediate frequency 
ampli?er 6, and the differential ampli?er 7 form an 
AGC loop. The AGC ampli?er stages 4-a, 4-b, 4-0, the 
intermediate frequency ampli?er 6, the base band signal 
processing circuit, and the differential ampli?er 7 form 
another control loop. 
A transmitter portion (transmitter) 8 includes a base 

band signal processing circuit (not shown) for transmis 
sion, a ?rst frequency converter 9 for converting the 
carrier frequency modulated by the base band signal 
(e.g., carrier frequency is approximately 5 MHZ) to the 
?rst intermediate frequency signal (e.g. approximately 
70 MHz), a three-stage AGC ampli?er 10-a, 10-b, 10-c, 
a second frequency converter 11, and a power ampli?er 
12. The ?rst frequency converter 9 receives the output 
of the ?rst local oscillator 9' (e. g. approximately 75 
MHZ) and outputs the ?rst intermediate frequency sig 
nal. The second frequency converter 11 mixes the ?rst 
intermediate frequency signal and the output of the 
second local oscillator 11’ (e.g. approximately 906 
MHz) and outputs the radio frequency signal (e.g. ap 
proximately 836 MHz). Adding circuit 13 adds AGC 
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2 
signal RX-VAGC of the receiver portion 1 to a transmis 
sion level setting signal TX-VGA 1N coNTand outputs an 
AGC voltage TX-VAGC for control of the gain of the 
AGC transmitter ampli?er stages 10-a, l0-b, 10-c. A 
signal ~transmitted from the base station to the mobile 
station includes power control information for control 
ling the transmission power from the mobile station to 
the base station. Receiver portion 1 of the mobile station 
receives the signal transmitted from the base station, 
and an internal circuit (not shown) of the mobile station 
varies the level of signal TX-VGA 1N CONTbased on the 
power control information. Signal TX-VGA 1N CONT 
controls the transmission power by means of transmitter 
portion 8. 
Duplexer 14 connects the transmit signal path and the 

receive signal path to the antenna. Antenna 15 is 
thereby conventionally used for both transmission and 
reception. 

In the system of FIG. 1 transmission power is con 
trolled in response to the level of the received signal. 
That is, when the level of the received signal is low, 
transmission power is increased, and when the received 
signal level is high, transmission power is reduced. 
FIG. 2 shows detail of one stage of the AGC ampli 

?er stages 4-a, 4-b, 4-0 of the receiver portion 1 and one 
stage of the AGC ampli?er stages 10-a, 10-b, 10-c of the 
transmitter portion 8. Each of the AGC ampli?ers in 
cludes a dual gate MOSFET (metal oxide semiconduc 
tor ?eld effect transistor) respectively Q4, Q1. An AGC 
voltage is applied to a second gate G2 of MOSFETs 
Q1, Q4. Power is supplied at the terminals labelled 
“+B”_ 

In the above-described circuit, when the level of a 
received signal is high, the level of the detection signal 
increases, lowering AGC voltage RX-VAGC of the re 
ceiver portion 1 which is the output of the differential 
ampli?er 7. Consequently, the voltage at the second 
gate G2 of each of the MOSFETs of the AGC ampli?er 
stages 4-a, 4-b, 4--C is lowered, thus reducing the gain of 
the AGC ampli?er stages 4-a, 4-b, 4-c. AGC voltage 
RX-VAGC of the receiver portion 1 is also applied to the 
second gate G2 of each of the MOSFETs of the AGC 
ampli?er stages 10-a, 10-b, 10-c of the transmitter por 
tion 8 via the adding circuit 13, thus reducing the gain 
of the AGC ampli?er stages 10-a, 10-b, 10-c. 

In a dual gate MOSFET ampli?er where gain is con 
trolled by gate voltage, the gain (vertical axis) changes 
with respect to gate voltage (horizontal axis) with vari 
ous ambient temperatures as shown by FIG. 30. At a 
high gate voltage, the gain at high ambient temperature 
(curve B) is lower than that at low ambient temperature 
(curve A). At a low gate voltage, the gain at high ambi 
ent temperature is higher than the gain at low ambient 
temperature. 

Therefore when ambient temperature changes, ampli 
?er gain may change even if the level of the received 
signal remains the same, thus changing the AGC volt 
age. The AGC voltage of the receiver portion 1 is ap 
plied to both the AGC ampli?er of the receiver portion 
and the AGC ampli?er stages 10-a, 10-b, 10-c of the 
transmitter portion 8. Even if the level of the received 
signal does not change, changes in the ambient tempera 
ture change the transmitter power of the transmission 
portion 8. Consequently, the desired relationship be 
tween received signal level and transmitter power may 
not occur, and hence the system may not operate as 
desired. 
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SUMMARY OF THE INVENTION 

A dual gate FET in an ampli?er stage is an AGC 
device and in accordance with the invention its gain is 
determined by setting its drain current, instead of by 
setting its gate voltage as in the prior art. The drain 
current (converted to a voltage) is then monitored over 
temperature ?uctuations and compared to a reference 
voltage. The difference of the two voltages is integrated 
to produce a gate voltage for the FET corresponding to 
the desired current under the ambient temperature op 
erating condition. 

In one embodiment, the FET’s drain current is mea 
sured by monitoring the FET’s source voltage; the 
current measurement may also be implemented in other 
ways. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a prior art transceiver. 
FIG. 2 shows detail of FIG. 1. 
FIG. 3a shows gain ?uctuating with ambient temper 

ature for the prior art transceiver. 
FIG. 3b shows gain relatively constant with respect 

to ambient temperature in accordance with the present 
invention. 
FIG. 4 shows an ampli?er in accordance with the 

invention. 
FIG. 5 shows a portion of a transceiver in one em 

bodiment of the invention. 
FIG. 6 shows a portion of a transceiver in a second 

embodiment of the invention. 
FIG. 7 shows a portion of a transceiver in a third 

embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present inventors discovered that as gain of an 
FET ampli?er changes, the ampli?er current changes, 
and there is a close correlation between the ampli?er 
gain and ampli?er current. Hence it was discovered that 
FET current is a more constant indication of gain over 
varying temperature and other conditions than is FET 
gate voltage. FIG. 3b shows gain (vertical axis) vs. 
drain current (horizontal axis) in accordance with the 
invention, for an FET ampli?er where gain is con 
trolled by drain current. A single curve D shows both 
high, low, and intermediate (room) ambient tempera 
ture data. Contrast this to the three curves A, B, and C 
of FIG. 3a for the prior art. Therefore, the present 
inventors determined that changes in the gain caused by 
ambient temperature changes can be readily compen 
sated for by detecting changes in the current drawn by 
the ampli?er FET. One way to measure this current is 
by measuring the source voltage of the ampli?er FET. 
FIG. 4 shows a circuit in accordance with the present 

invention. The voltage of source S of ampli?er dual 
gate FET Q6 is coupled via differential ampli?er 16 to 
gate G2 of dual gate FET Q6. Resistors R1, R2, R3, R4, 
R5, R6, and R7 and capacitors C1, C2, C3, C4 are con 
ventional. Power is applied to terminals T1, T2, and the 
signal to be ampli?ed to terminal T3; the ampli?ed 
output signal is at drain D. When the gain is reduced 
due to an increase in ambient temperature, drain D 
current of FET Q6 decreases, thus lowering the voltage 
of source S of FET Q6. The reduced source voltage is 
applied to the inverting terminal of ampli?er 16, where 
it is integrated with respect to reference signal VREF, 
and the resultant output signal from ampli?er 16 is ap 
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4 
plied to the second gate G2 of FET Q6. Consequently, 
the current at drain D of FET Q6 increases, hence 
increasing the gain of FET Q6, compensating for tem 
perature changes. 
An embodiment of the present invention is shown in 

FIG. 5 including the circuit of FIG. 4. The detection 
signal of the receiver portion (lower part of FIG. 5) is 
compared by differential ampli?er (comparator) 7 to 
reference signal VREF, and the resulting output of dif 
ferential ampli?er 7 is then applied to the non-inverting 
input terminal of a second differential ampli?er 17. A 
voltage of source S of the FET Q8 of the AGC ampli 
?er 4-a is applied to the inverting input terminal of 
differential ampli?er 17 and to the adding circuit 13. 
The output signal AGC voltage RX-VAGC of differen 
tial ampli?er 17 is applied to the second gate G2 of the 
FET Q8 of the AGC ampli?er 4-a. 
The sum from adder 13 of (1) the transmission level 

setting signal voltage TX-VGAIN CONT and (2) source 
voltage of source S of FET 8 is applied to the non 
inverting input terminal of differential ampli?er 18 in 
the transmitter portion. A voltage of source S of FET 
Q10 of the AGC ampli?er 10-a of the transmitter por 
tion is applied to the inverting input terminal of differ 
ential ampli?er 18. The output signal of differential 
ampli?er 18 is AGC voltage TX-VAGC. 

In the receiver portion, the second gate G2 of FET 
Q8, the source S of PET Q8, and the differential ampli 
?er 17 form a closed loop, so that the temperature 
changes are compensated for by AGC ampli?er 4-a. 
Similarly, source S, gate G2 of FET Q10 of AGC am 
pli?er 10-a of the transmitter portion, and differential 
ampli?er 18 form a closed loop, and temperature 
changes can thus be compensated for by AGC ampli?er 
10-a. The compensation signal RX-VAGC of the AGC 
ampli?er 4-a of the receiver portion is applied to the 
AGC ampli?er 10-21 of the transmitter portion via the 
adding circuit 13. 
A second embodiment is shown in FIG. 6. Most of 

this circuit is identical to that of FIG. 5, except that in 
this embodiment the differential ampli?er 17 of the 
embodiment of FIG. 5 is eliminated and hence AGC 
ampli?er 4-a does not have a temperature compensated 
loop in accordance with the present invention, so tem 
perature compensation occurs through the outer con 
trol loop as described above with reference to FIGS. 1 
and 2. Hence in this embodiment there is no feedback 
loop within ampli?er 4-a. 
FIG. 7 shows a third embodiment, similar to that of 

FIG. 5, but simpler in that the source voltage of ampli 
?er 4-a (or the ampli?er 7 output) drives the input to 
ampli?er 18, with no adder. This embodiment allows 
transmission gain adjustments to be carried out by a 
variety of methods, such as a baseband level variation 
independent of the IF (intermediate frequency) level 
variation. 

In accordance with the invention, since changes in 
ampli?er gain due to changes in ambient temperature 
are greatly reduced, the transmitter power is controlled 
accurately, for example in response to the level of a 
received signal. Thus, in a transceiver in accordance 
with the invention, deterioration in communications 
quality due to variation in transmission power is greatly 
reduced. 

It is to be understood that the invention is also appli 
cable to FET ampli?ers where the FET has a single 
gate, and to ampli?ers of types other than those dis 
closed herein. This description is illustrative and not 
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the appended claims. 
What is claimed is: 

5 

An ampli?er comprising: 
a ?eld effect transistor having two gate terminals, a 

drain terminal, and a source terminal; 
a comparator having two input terminals and an out 

put terminal; 
wherein a ?rst input terminal of said comparator is 

connected to a reference voltage, said second input 
terminal of said comparator is connected to said 
source terminal and said output terminal of said 
comparator is connected to one of said two gate 
terminals; and 

a source of said reference voltage which includes a 

2. 

second comparator having two input terminals and 
an output terminal, said two input terminals of said 
second comparator being connected to respec 
tively a reference signal and a signal strength indi 
cating signal, and said output terminal of said sec 
ond comparator being connected to said ?rst input 
terminal of said ?rst comparator. 
An ampli?er comprising: 

a ?eld effect transistor having two gate terminals, a 
drain terminal, and a source terminal; 

a comparator having two input terminals and an out 
put terminal; 

wherein a ?rst input terminal of said comparator is 
connected to a reference voltage, said second input 
terminal of said comparator is connected to said 
source terminal and said output terminal of said 
comparator is connected to one of said two gate 
terminals; 

a second ?eld effect transistor having two gate termi 

a 
nals, a drain terminal, and a source terminal; 
second comparator associated with said second 
?eld effect transistor and having two input termi 
nals and an output terminal; and 

means for connecting said source terminal of said 
?eld effect transistor to a ?rst input terminal of said 
second comparator, said source terminal of said 
second ?eld effect transistor being connected to 
said second input terminal of said second compara 
tor, and said output terminal of said second com 
parator being connected to one of said gate termi 
nals of said second ?eld effect transistor. 

3. The ampli?er of claim 2, wherein said means for 
connecting includes an adding circuit. 

4. An ampli?er comprising: 
a ?eld effect transistor having two gate terminals, a 

drain terminal, and a source terminal; 
a comparator having two input terminals and an out 
put terminal; 

wherein a ?rst input terminal of said comparator is 
connected to a reference voltage, said second input 
terminal of said comparator is connected to said 
source terminal and said output terminal of said 
comparator is connected to one of said two gate 
terminals; and 

a source of said reference voltage which includes: 
a second ?eld effect transistor having two gate 

terminals, a source terminal, and a drain termi 
nal; and 

a circuit connecting said source terminal of said 
second ?eld effect transistor to said ?rst input 
terminal of said comparator. 

5. A compensated variable gain ampli?er comprising: 
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6 
a biased ?eld effect transistor having two gate termi 

nals and a source terminal and for amplifying a 
signal coupled to a ?rst gate terminal thereof in 
response to a control signal coupled to a second 
gate terminal thereof, said biased ?eld effect tran 
sistor having a source voltage at said source termi 
nal; 

means for integrating a difference between a refer 
ence signal and said source voltage and for produc 
ing said control signal therefrom; 

a second biased ?eld effect transistor having two gate 
terminals and a source terminal and for amplifying 
a second signal coupled to a ?rst gate terminal of 
said second transistor in response to a second con 
trol signal coupled to a second gate terminal of said 
second transistor, said second transistor having a 
source voltage at said source terminal; 

means for adding said source voltage of said ?rst 
transistor to a adjustment voltage to produce a 
second reference signal; and 

means for integrating a difference between said sec 
ond reference signal and said source voltage of said 
second transistor and for producing said second 
control signal therefrom. 

6. The compensated variable gain ampli?er of claim 
5, wherein said ?rst means for integrating comprises an 
operational ampli?er. 

7. A compensated variable gain ampli?er comprising: 
a biased ?eld effect transistor having two gate termi 

nals and a source terminal and for amplifying a 
signal coupled to a ?rst gate terminal thereof in 
response to a control signal coupled to a second 
gate terminal thereof, said biased ?eld effect tran 
sistor having a source voltage at said source termi 
nal; 

means for integrating a difference between a refer 
ence signal and said source voltage and for produc 
ing said control signal therefrom; 

a second biased ?eld effect transistor having two gate 
terminals and a source terminal and for amplifying 
a second signal coupled to a ?rst gate terminal of 
said second transistor in response to a second con 
trol signal coupled to a second gate terminal of said 
second transistor, said second transistor having a 
source voltage at said source terminal; and 

means for integrating a difference between said refer 
ence signal and said source voltage of said second 
transistor and producing said second control signal 
therefrom. 

8. A compensated variable gain ampli?er comprising: 
a biased ?eld effect transistor having two gate termi 

nals and a source terminal and for amplifying a 
signal coupled to a ?rst gate terminal thereof in 
response to a control signal coupled to a second 
gate terminal thereof, said biased ?eld effect tran 
sistor having a source voltage at said source termi 
nal; 

means for integrating a difference between a refer 
ence signal and said source voltage and for produc 
ing said control signal therefrom; 

a second biased ?eld effect transistor having two gate 
terminals and a source terminal and for amplifying 
a second signal coupled to a ?rst gate terminal of 
said second transistor in response to a second con 
trol signal coupled to a second gate terminal of said 
second transistor, said second transistor having a 
source voltage at said source terminal; and 
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means for integrating a difference between said 
source voltage of said ?rst transistor and said 
source voltage of said second transistor and for 
producing said second control signal therefrom. 

9. A compensated variable gain ampli?er comprising: 
a ?rst biased ?eld effect transistor for amplifying a 

signal coupled to a ?rst gate terminal thereof in 
response to a control signal coupled to a second 
gate terminal thereof, said biased ?eld effect tran 
sistor having a source voltage; 

a second biased ?eld effect transistor for amplifying a 
second signal coupled to a ?rst gate terminal of said 
second transistor in response to a second control 
signal coupled to a second gate terminal of said 
second transistor, said second transistor having a 
source voltage; 

means for adding said source voltage of said ?rst 
biased ?eld effect transistor to an adjustment volt 
age and producing a reference signal; and 

means for integrating a difference between said refer 
ence signal and said source voltage of said second 
transistor and for producing said second control 
voltage therefrom. 

10. A method of compensation for a dual gate ?eld 
effect transistor comprising: 

measuring a voltage level of the source of said dual 
gate ?eld effect transistor; 

comparing the measured voltage level to a reference 
voltage indicating a desired gain of said dual gate 
field effect transistor and producing a resultant 
signal; 

applying said resultant signal to a ?rst gate of said 
dual gate ?eld effect transistor; 

applying an analog signal to a second gate of said dual 
gate ?eld effect transistor; 

amplifying by said dual gate ?eld effect transistor said 
analog signal by an amount set by said resultant 
signal; 
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8 
providing the ampli?ed analog signal at the drain 

terminal of said dual gate ?eld effect transistor; 
adding said measured voltage level of the source to 
an additional signal to produce a sum signal; 

measuring a voltage level of the source of a second 
dual gate ?eld effect transistor; 

comparing the measured voltage level of the source 
of said second dual gate ?eld effect transistor to 
said sum signal and producing a second resultant 
signal; and 

applying said second resultant signal to the second 
gate of said second dual gate ?eld effect transistor. 

11. A method of controlling the gain of a dual gate 
?eld effect transistor (FET) comprising the steps of: 
measuring a current level drawn by the drain of said 

dual gate FET; 
comparing the measured current level to a reference 

signal indicative of a predetermined gain of said 
dual gate PET and producing a resultant signal; 

applying said resultant signal to the ?rst gate of said 
dual gate FET; and 

providing said reference signal by: 
providing a reference voltage; 
providing a signal strength indicating signal; 
comparing said reference voltage to said signal 

strength indicating signal; and 
providing a result of the step of comparing as said 

reference signal. 
12. The method of claim 11 further comprising the 

steps of: 
applying a signal for ampli?cation of the second gate 

of said dual gate FET; 
amplifying said signal by an amount set by said resul 

tant signal; and 
providing an ampli?ed signal at the drain of said dual 

gate FET. 
13. The method of claim 11 wherein the current mea 

sured is proportional to the gain of said dual gate FET. 
* * * * * 


